The chemical composition, and antioxidant and antimicrobial activities of the essential oil isolated from the leaf of Machilus japonica from Taiwan have been investigated. The essential oil from the fresh leaves was isolated using hydrodistillation in a Clevenger-type apparatus, and characterized by GC-FID and GC-MS. A total of 97 compounds were identified, representing 100% of the oil. The main components identified were -phellandrene (14.5%), -pinene (12.8%), thymol (12.6%), -pinene (8.3%), -terpineol (6.5%) and carvacrol (6.0%). The antioxidant activity of the oil was tested by the DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging capability test. The results showed that the IC 50 was 51.8 μg/mL. The antimicrobial activity of the oil was tested by the disc diffusion and micro-broth dilution methods against ten microbial species. The oil exhibited strong growth suppression against Gram-positive bacteria and yeast, with inhibition zones of 48~54 mm and MIC values of 16.12~32.25 μg/mL, respectively. For the antioxidant and antimicrobial activities of the oil, the active source compounds were determined to be thymol and carvacrol.
Machilus japonica Sieb. & Zucc. (Lauraceae) is a large evergreen tree widely distributed in the broad leafed forests from the lowlands to an altitude of 1300~2000 m throughout southern Japan, the Ryukyus, south Korea and Taiwan [1] . Scanty references were found regarding the chemical compositions of this species [2] [3] [4] [5] [6] . However, in Taiwan, there is no report of the essential oil composition and bioactivities for M. japonica. Worldwide, only two reports, are known, one by Komae and Hayashi [5] in Japan, and the other by van Khien et al. [6] in Vietnam. Furthermore, both papers only dealt with the compositions, and there was no comment on their bioactivities. Therefore, in this study, the essential oil from the leaves of M. japonica was first isolated using hydrodistillation, and then analyzed. The second part of the study examined the antioxidant and antimicrobial activities of the leaf oil. The purpose of this work was to establish a chemical basis for the effective multipurpose utilization of the species.
Hydrodistillation of M. japonica leaves produced a yellow-colored oil with a yield of 2.86 ± 0.05 mL/100 g, based on the dry weight of leaves. Ninety-seven compounds were identified (Table 1) , of which monoterpene hydrocarbons were predominant (50.5%), followed by oxygenated monoterpenes (31.7%), sesquiterpene hydrocarbons (13.0%), oxygenated sesquiterpenes (3.6%), and non-terpenoids (1.3%). Among the monoterpene hydrocarbons, -phellandrene (14.5%), -pinene (12.8%), and -pinene (8.3%) were the major compounds, and of the oxygenated monoterpenes, thymol (12.6%), -terpineol (6.5%) and carvacrol (6.0%). Among the sesquiterpene hydrocarbons, -caryophyllene (5.1%) was the main component. Relevant literature on the leaf essential oils of M. japonica is rare. Only Komae and Hayashi [5] and van Khien et al. [6] have made previous studies. The former [5] studied the leaf oil from Japan. They identified a total of 9 compounds with the main components being caryophyllene (18.6%) and -phellandrene (14.7%). van Khien et al. [6] reported on M. japonica leaf oil from Vietnam. They identified a total of 18 compounds with the main ones being -phellandrene (60.2%), -phellandrene (10.5%), and p-cymene (20.3%). Comparing the main components reported in the two reports, the M. japonica leaf oils showed markedly divergent compositions.
From the results presented above, the leaf oil constituents of M. japonica were primarily monoterpenoids, which differed from M. kusanoi [7] , M. pseudolongifolia [8] , M. philippinensis [9] , M. obovatifolia [10] , M. velutina [11] , and M. thunbergii [12] , all of which contained mostly sesquiterpenoids.
The leaf oil of M. japonica was tested for its DPPH free radical scavenging capability. Ascorbic acid was used as a positive control. The IC 50 for the DPPH free radical scavenging capability of the leaf oil was 51.8 μg/mL. The individual main components of the leaf essential oil,-pinene, β-pinene, α-phellandrene, p-cymene, α-terpineol, thymol, carvacrol, and β-caryophyllene, were also compared for their DPPH free radical scavenging capability. The results showed that the DPPH free radical scavenging capabilities in a decreasing order were thymol (IC 50 = 31.4 μg/mL), carvacrol (IC 50 = 38.7 μg/mL), -pinene, β-pinene, α-phellandrene, pcymene, α-terpineol, and β-caryophyllene (IC 50 > 2000 μg/mL). Hence, we deduced that the phenolic compounds were mainly responsible for the radical scavenging. The results are in congruency with the conclusions of several other reports [14] [15] [16] [17] [18] [19] . When the DPPH free radical scavenging capabilities of the leaf essential oil were compared with those of leaf oils of different provenances from Taiwan, such as Cinnamomum osmophloeum, with IC 50 values ranging from 33.4 to 708.5 μg/mL [20] , the leaf essential oil was within the same range. The threshold concentration also compared favorably with the IC 50 values of 460 μg/mL for the leaf oil of Nigella sativa [21] and 500 μg/mL for the leaf oil of Curcuma zedoaria [22] .
The essential oil of M. japonica was tested against three Grampositive and five Gram-negative bacteria, as well as two fungi. The results, presented in Table 2 , indicated a moderate to strong growth The essential oil showed superior suppressive activity against the Grampositive bacteria than either the Gram-negative bacteria or fungi. The probable cause of the susceptibility of Gram-positive bacteria and relative tolerance of Gram-negative bacteria to essential oils has been correlated with the presence of a hydrophilic outer layer [23] . It is presumed that penetration of hydrophobic components in Gram-negative microorganisms is more difficult due to the presence of a second physical barrier formed by the outer membrane [24, 25] . Comparing the antimicrobial activities of the leaf essential oil of M. japonica with those of M. kusanoi [7] , M. pseudolongifolia [8] , and Litsea linii [26] , and the twig oil extracted from L. mushaensis [26] , the leaf essential oil of M. japonica was superior. The results verify that M. japonica leaf oil has excellent antimicrobial activity. However, to ascertain the source compounds of the antimicrobial activity from M. japonica, the main components were individually tested for antimicrobial activities. The results indicated that the active source compounds were thymol and carvacrol. Various studies support the argument that these compounds are highly active in suppressing microbial growth [27] [28] [29] .
Experimental
Plant materials: Fresh leaves of M. japonica were collected in July 2010 from Tiaomikeng (Nantou County, central Taiwan, elevation 1580 m, N 23º 57´ 09˝, E 120º 54´ 28˝). The samples were compared with specimen no. TAIF 92852 from the Herbarium of the Taiwan Forestry Research Institute and were positively identified by Prof. Yen-Hsueh Tseng of National Chung Hsing University (NCHU). The voucher specimen (CLH-015) was deposited in the NCHU herbarium. Before extraction, the leaves were air dried at room temperature and protected from the light for one week.
Isolation of leaf essential oil:
The essential oil of the dry leaves (200 g) was extracted using a Clevenger-type apparatus using a hydrodistillation technique. After extraction, the volume of essential oil obtained was measured, and the essential oil was stored in glass containers hermetically sealed with rubber lids, covered with aluminum foil to protect the contents from light, and kept refrigerated at 8ºC until used. The oil yield and all test data are the average of triplicate analyses. Component identification: Identification of the leaf essential oil constituents was based on comparisons of retention index (RI) [13] , retention times (RT), and mass spectra with those obtained from authentic standards and/or the NIST and Wiley libraries spectra, and literature [13, 30] .
Essential oil analysis:

DPPH (2,2-diphenyl-1-picrylhydrazyl) free radical scavenging capability test:
The method of Ho et al. [31] was used for DPPH assay in this study. Fifty μL of various dilutions of the oils were mixed with 5 mL of a 0.004% methanol solution of DPPH. After an incubation period of 30 min, the absorbance of the samples was determined at 517 nm using a Jasco 7800 spectrophotometer. Tests were carried out in triplicate, and ascorbic acid was used as a positive control.
Antimicrobial activity [32] 
